Survival tucker: improved diet and health indicators in an Aboriginal community by Lee, Amanda J. et al.
Survival tucker: improved diet and health indicators 
in an Aboriginal community 
Amanda J. Lee and Anne P.V. Bailey 
Menzies School of Health Research, Darwin 
Daisy Yarmirr 
Northern Territory Depanment of Health and Community Services, Minjilang 
Kerin O'Dea 
Faculty of Health and Behavioural Sciences, Deakin University, Melbourne 
John D. Mathews 
Menzies School of Health Research, Darwin 
Abstract: The poor nutritional status of Aboriginal Australians is a serious and complex public health 
concern. We describe an unusually successful health and nutrition project initiated by the people of 
Minjilang, which was developed, implemented and evaluated with the community. Apparent community 
dietary intake, assessed by the 'store-turnover' method, and biochemical. anthropometric and 
haematological indicators of health and nutritional status were measured before intervention and at 
three-monthly intervals during the intervention year. Following intervention, there was a significant 
decrease in dietary intake of sugar and saturated fat, an increase in micronutrient density, corresponding 
improvements in biochemical indices (for example. a 12 per cent decrease in mean serum cholesterol, 
increases in serum and red cell folate, serum vitamin B6 and plasma ascorbic acid), decrease in mean 
systolic and diastolic blood pressures, a normalisation of body mass index, and a normalisation of 
haematologic indices. The success of this project demonstrates that Aboriginal communities can bring 
about improvements in their generally poor nutritional status, and that the store-turnover method 
provides a valid, inexpensive and noninvasive method for evaluating the resultant changes in community 
diet. Although the project was undoubtedly effective in the short term, further work is in progress to 
assess individual strategies with respect to sustainability, cost-effectiveness and generalisability. (Aust J 
Public Health 1994; 18: 277-85) 
T he extremely high prevalence of nutrition­related health problems, such as non-insulin­dependent diabetes, cardiovascular disease 
and compromised immune status, have become 
major health issues for Aboriginal adults in remote 
communities in Australia. Although these problems 
have been described frequently,l-4 little has been 
achieved by projects aimed at improving the 
nutritional health of Abbriginal people. 5•6 Hitherto, 
however, there have been few formal evaluations of 
such projects. 
Methods 
Study design 
FromJune 1989, a health and nutrition project was 
initiated by and conducted with the people of 
Minjilang on Croker Island, 240 kilometres north­
east ofDarwin. The initial phase of the project aimed 
to measure the nutritional health status of adults at 
Minjilang, to describe the apparent community diet­
ary intake, and to use these results as a rational basis 
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for the planning, implementation, monitoring and 
evaluation of the intervention over twelve months. 
The apparent community dietary intake (assessed by 
the 'store-turnover' method) and anthropometric, 
biochemical and haematological indicators of health 
and nutritional status were measured at three­
monthly intenrals. As a comparison, apparent intake 
was also measured in a similar community; for ethical 
reasons it is necessary to protect the identity of this 
second conununity. To detect any seasonal or tem­
poral trends, apparent community dietary intake was 
also determined retrospectively in both communities 
over three-monthly intervals from March 1986 to 
June 1989. 
The store-turnauer method 
Details of the store-turnover method, including limi­
tations and advantages, are described elsewhere.7•8 
Store-turnover results pertaining to nutrient density 
(the nutrient content per 1000 kJ) and nutrient pro­
flIes (the relative contributions of macronutrients to 
total energy intake) are independent of the popu­
lation estimation and the age/sex composition of the 
community.8 The recommended nutrient density for 
Minjilang was detennined using demographic data 
and recommended nutrient intakes for each major 
age/sex group (including pregnant and lactatmg 
women}. 9 
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Ethical clearance 
The study was conducted at the invitation of the com­
munity. Ethical approval was granted through the 
Joint Institutional Ethics Committee of the Royal 
Darwin Hospital and Menzies School of Health 
Research (which is formally constituted under 
NHMRC guidelines with Aboriginal representation). 
The community 
Minjilang was established by the Methodist Overseas 
Mission in 1940 and has been administered by the 
local community council since 1967. In 1976 inalien­
able freehold title of Croker Island was granted to 
the traditional land owners under the Northern Ter­
ritory Land Rights Act. The climate is monsoonal, 
with a hot, dry season from May and a hot, humid wet 
season from October. A daily air service connects 
Minjilang with Darwin and neighbouring communi­
ties. Heavy supplies are delivered by a fortnightly sea 
barge service. The single community store is man­
aged by the Aboriginal-owned enterprise, Arnhem 
Land Progress Association (ALPA), and employs two 
Aboriginal store-workers. Traditional foods are pro­
cured irregularly. Alcohol is prohibited by the com­
munity under the Northern Territory Restricted 
Areas legislation. 
Population and sample 
The Minjilang population was enumerated by house­
hold census at,each health survey. A population tally 
was conducted simultaneously by health staff at the 
control community, Over the intervention period the 
mean (± standard deviation) sizes of the populations 
at Minjilang and the control community were 154 
(±IO) and 310 (±25) respectively. The number of 
adults (18 years and over) reSiding at Minjilang was 
71 (±5) over the intervention year. The survey 
sample aimed to include all available adults; children 
were not venepunctured in community surveys, 
according to the wishes of the community. Screening 
was offered only to those adults who presented on a 
voluntary basis. 
Procedures 
Written consent was signed by each volunteer prior 
to screening. Subjects were tested at the Minjilang 
clinic after an overnight fast. Anthropometric 
measurements were made using standard methods. 10 
Blood pressure was measured automatically using a 
calibrated Dynamap (Criticon Incorporated, Florida, 
USA) after at least 10 minutes of seated rest. The 
same observer made the same measurements at each 
survey. Collection and handling of blood samples, 
analytical methods, intra- and inter-batch agreement 
of results, confirmation of fasting status and diagnos­
tic criteria are detailed elsewhere (pp. 112-39).10 
Intervention strategies 
Intervention strategies were planned in consultation 
with the community to correct observed nutritional 
problems. To maximise the potential for change, sev­
eral intervention strategies were used simultaneously 
to help motivate community members to alter dietary 
habits and to promote an increased variety of food 
choice. Increased exercise was encouraged. Tra­
ditional and contemporary beliefs and attitudes 
related to health and nutrition were used to build on 
existing knowledge. Specific strategies included 
direction of the project by community elders, the 
employment of an Aboriginal research assistant and 
community members, prompt feedback of individual 
and community results following each period ofclini­
cal and dietary monitoring, the provision and pro­
motion of a wide variety of nutritious foods in the 
store, and the use of 'shelf-talkers' to aid recognition 
of 'target' foods. Throughout the study, the inter­
vention strategies were modified in the light of com­
munity reactions to results and progress. 
Statistical methods 
Results from the pre-intervention survey Gune 1989) 
were compared with the subsequent three-monthly 
surveys in terms of the mean and standard error. 
Analysis of variance was used to determine levels of 
statistical significance. The most sensitive method to 
detect changes over time was to control for between­
subject variance in the analysis of variance over all 
five surveys, as described in detail elsewhere 
(pp. 112-39, 189-99).Hl 
Results 
Sample 
Ninety-four per cent of all adults residing at 
Minjilang in June 1989 participated in the initial 
screening process. Details of the sample screened at 
each three-month period are proviped in Table 1. 
Analysis of variance indicated that there was no sig­
nificant difference in either the age (F4,75 0.80) or 
sex (F.,.75 = 0.15) of those subjects monitored at dif­
ferent surveys. However, subjects with lower body 
mass index (BMI) were less likely to attend later sur­
veys (F'l.75 8.50, P <0.0005). Individual responses 
to the intervention for intermittent attenders were 
not significantly different from those for regular 
attenders (pp. 189-99).H) 
The glucose tolerance of one diabetic subject had 
improved to the extent that she was no longer classi­
fied as a diabetic in June 1990; data for this subject 
were included with those of nondiabetic subjects in 
longitudinal analysis. 
Apparent community dietary intake and change 
At Minjilang in June 1989, there were high apparent 
per capita daily intakes of energy (12 400 kJ), sugars 
(233 g), total fat (110 g) and saturated fat (45 g). 
Thirty-four per cent of the total energy intake was 
derived from fat, 10 per cent from protein, 30 per 
cent from refined sugars and 26 per cent from com­
plex carbohydrate. Some nutrient densities were par­
ticularly low; for example the nutrient density of 
folate intake was 10.5 Ilg/1000 kJ compared to the 
reconnnended level of 21.0 Ilg/1000 kJ, and that of 
ascorbic add was 2.4 mg/1000 kJ compared to the 
recommended level of 3.7 mg/IOOO kJ. The poor 
quality of carbohydrate consumed was reflected in 
the low index of 2.3 g ofdietary fibre per 1000 kJ of 
total carbohydrate. Four foods (sugar, flour, bread 
and meat) provided in excess of 55 per cent of the 
total energy intake. Of the high sugar intake, 45 per 
cent was derived from white sugar per S8. 
In June 1989, the apparent dietary intake of the 
comparison community was similar, but fat' intake 
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Table 1: Characteristics of the sample screened at each three-month period 
June 1989 September 1989 December 1989 March 1990 June 1990 
n % n 0/0 n % n n 
16 7 9 5 11 
17 13 15 8 11 
14 10 9 7 11 
21 15 18 12 14 
72 67 67 66 69 
1 11 5 10 4 
71 56 62 56 65 
71 55 60 53 58 
68 52 58 51 56 
68 94.4 45 67.1 51 76.1 32 48.5 47 68.1 
68 95.8 43 60.6 48 67.6 29 40.8 44 62.0 
68 100.0 43 63.2 48 70.6 29 42.6 44 64.7 
68 100.0 43 82.7 48 82.8 29 56.9 44 78.6 
Men under 35 years 
Men 35 years and over 
Women under 35 years 
Women 35 years and over 
Number of adults (18 and over) living at 
Minjilang 
Residents temporarily absent 
Number of residents available for survey 
Number of original population available 
for survey 
Number of original sample available 
for survey 
Number of Minjilang residents participating 
in survey 
Number of original population participating 
in survey 
Number of original sample participating 
in survey 
Number of original sample available 
to participate 
was lower at 77 g per person per day. Energy intake 
per person was 12 170 kJ, of which 24 per cent was 
derived from fat, 10 per cent from protein, 35 per 
cent from refined sugars and 31 per cent from com­
plex carbohydrate. Most nutrient densities were low, 
as at Minjilang; for example, the nutrient density of 
folate and ascorbic acid intake was 9.2 Ilg/1000 kJ 
and 2.5 Jlg/I000 kJ respectively. 
Store-turnover results for Minjilang in June 1990, 
which were seasonally comparable to June 1989, 
showed that the nutrient density of the diet improved 
during the 12 month intervention period (Figure 1). 
There was a relative 30 per cent decrease in the per­
centage of energy intake from saturated fat, a 
decrease in the proportion of energy from sugars, a 
relative 20 per cent increase in density of dietary 
fibre and marked relative increases in the density of 
intake of most vitamins and minerals over the inter­
vention period, including ascorbic acid (135 per 
cent), folate (60 per cent), ~-carotene (40 per cent), 
thiamine (50 per cent) and calcium (60 per cent). 
Longitudinal store data allowed a comparison of 
the relative seasonal turnover of key food items dur­
ing the intervention period in Minjilang with corre­
sponding turnover in the preceding four years in 
Minjilang and the control community. Fruit and veg­
etable turnover more than doubled during the inter­
vention period at Minjilang, while remaining 
relatively constant in the comparison community 
throughout the entire five-year period (Figure 2). In 
contrast, there was a declining turnover of sugar at 
Minjilang over the five-year period which com­
menced before the intervention, but remained rela­
tively constant in the control community (Figure 3). 
Wholemeal bread increased to 24 per cent of the 
total bread turnover during the intervention period 
at Minjilang, whereas in the control community the 
proportion of wholemeal bread remained consist­
ently less than 8 per cent of the total bread turnover. 
Although the total turnover of beverages at both 
communities was relatively constant, the proportion 
of unsweetened 'diet' beverages and fruit juices 
increased at Minjilang from 1 per cent to 12 per cent 
and from 6 per cent to 17 percent respectively of 
total beverage turnover. Turnover of hot takeaway 
foods decreased at MinjiJang from 116 g to 40 g per 
person per day. The turnover of fats and oils at 
Minjilang was relatively unchanged after the 12 
months of intervention, although monounsaturated 
and polyunsaturated vegetable oils had completely 
replaced the original cooking oils by June 1990. The 
proportion of fat in 24 randomly selected cuts of 
meat supplied to the Minjilang store fell from 35.4 
(3.5) per cent to 22.4 (2.8) per cent visible fat (ofraw 
wet weight) over the intervention period. 
These dietary changes were reflected in improved 
nutrient density in Miryilang over the intervention 
period, relative to both the preceding four years and 
to the control community. For example, there was a 
dramatic increase in density of folate intake in 
Minjilang over the intervention period (Figure 4). 
Biological indicators of nutritional status, June 1989 
Of those adults who participated in the initial 
screening in June 1989, seven (10.2 per cent) had 
non-insulin-dependent diabetes mellitus, five (7.4 
per cent) had impaired glucose tolerance, 27 (40 per 
cent) had a fasting serum triglyceride concentration 
;;:..1.8 mmol/L and 43 (63.3 per cent) had a serum 
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Figure 1: Change In nutrient density over the intervention period, 
Minjilang 
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cholesterol concentration > 5.5 mmoljL. Relative 
to the range of values considered to represent vari­
ous BMI categories in Caucasian subjects, 10 (14.7 
per cent) adults at Minjilangwere 'very underweight' 
(BMI < 18 kg/m~), 16 (23.5 per cent) were 'over­
weight' (BMI 25-30 kg/m2), and 8 (I 1.8 per cent) 
were 'obese' (BMI ~30 kg/m2). Of those screened in 
June 1989, 58 (90 per cent) had a low red blood cell 
folate concentration « 115 to 600 Ilg/I) and 52 (81 
per cent) had a low serum folate concentration 
«2.7 to 18.5 J.lg/I); 18 men (56 per cent) and 18 
women (52 per cent) had low serum vitamin B6 com­
pared with the relevant Caucasian reference ranges; 
65 (97 per cent) had low values of ascorbic acid (10.0 
to 35.0 mg/L). For plasma retinol, 31 (53 per cent) 
had high levels compared with the reference range 
(20-60 mg/100 mI); however, 49 subjects (85 per 
cent) had a plasma j3-carotene concentration under 
10 mg/l00 mI. 
Changes in biological indicators 
Analysis of variance indicated marked linear changes 
in several biological markers ofhealth and nutritional 
status over the intervention period, including signifi­
cant decreases in diastolic and systolic blood pressure 
and mean serum cholesterol (Table 2) and increases 
in red blood cell and serum folate, serum vitamin B6, 
plasma I3-carotene and ascorbic add (Table 3). 
After controlling for between-subject differences, 
the small decrease in BMI over the intervention 
period was statistically significant (P4.159 = 25.6, 
P < 0.0001), with a significant linear reduction 
(F1.159 = 17.5, P < 0.0005). When subjects were 
classified into the three categories based on BMI in 
June 1989, those who were underweight were more 
likely to gain weight, and those who were overweight 
were more likely to lose weight (X21 = 5.9, P< 0.05). 
For the sample there was no significant change in 
status of glucose tolerance over the 12-month inter­
vention period (Table 2). However, there was a sig­
nificant decrease in two-hour plasma glucose in older 
women from 11.9±1.9 to 9.9±1.2 mmoljL (n = 11, 
t = -2.40, P< 0.05), which suggested that glucose 
tolerance had improved in this group. 
Mean serum cholesterol concentration decreased 
by 12.3 per cent over the intervention period (Table 
2). There was a significant increase in the proportion 
of subjects with acceptable concentrations of serum 
cholesterol by June 1990 (X21 = 8.0, P < 0.005). 
Following intervention, previously low red blood 
cell folate levels reached acceptable levels in 92 per 
cent of subjects (X2) = 7.5, P < 0.01). There was a 
strong correlation between intra-individual increase 
in red blood cell folate concentration and intra­
individual decrease in mean cell volume (MCV) 
(FI.l~' = 25.4, P < 0.001), haematocrit (HCT) 
(F1•132 10.3, P < 0.001) and red cell distribution 
width (RDW) (F1•135 = 5.87, P < 0.001) and a positive 
linear association between intra-individual increases 
in red blood cell folate and haemoglobin concen­
trations (F1,136 = 4.7, P< 0.05). 
RelationshiPS between dietary changes and biological 
outcomes 
The change in the relevant nutrient density of the 
diet over the prior three months, as measured by the 
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Table 2: Selected anthropometric and metabolic data for those participating in any survey (mean±standard error) .,b" 
Variable n June 1989 n 1989 n Dec 1989 n Mar 1990 n June 1990 
BMI (kg/m2 ) 68 23.3±0.6 45 23.67 ±0.8 50 23.1 ±0.7 29 24.6±0.8 46 23.5±O.8 0.46 
' 
0.24 f 
Systolic blood 
pressure (mmHg) 65 123.0 ± 2.1 45 121.8±24 51 115.4±2.3 30 lllA±2.6 46 115.2±1.9 4.39; 13.0611 
Diastolic blood 
pressure (mmHg) 65 72.2± 1.2 45 70A±1.3 51 66.9± 1.2 30 63.8± 1.6 46 67A±1.2 6.13 16.291 
Serum cholesterol 
(mmollL) 68 5.93±0.15 45 5.70±0.20 51 5.80±0.20 32 5.74±O. 1 9 47 5.20±O.15 2.89* 8.26* 
Serum cholesterol 
(mmollL) 68 1.13±0.03 45 1.05 ±0.03 51 1.07 ±0.04 32 1.12±o.o4 47 1.01 ±0.03 2.34 4.20* 
Cholesterol: HDL 
cholesterol 68 5A6±0.91 45 5.57 ±0.20 51 5.60±0.20 32 5.29±O.25 47 5.40±0.23 0.34 0.23 
fosting serum 
triglyceride (mmollL) 67 1.81 ±0.17 45 1.56 to.10 50 1.66 ±0.11 31 1.85±O.14 43 1.62±0.14 0.68 0.28' 
Fasting serum 
insulin (mulL) 50 16.5±2.0 42 17.1±2.0 1.02 
2-hour serum insulin 
(mulL) 65 46.5±5.5 38 39.6±6.7 0.67 
Fasting plasma glucose 
(mmoI/L) 67 5.61 ±0.2 43 6.0±OA 0.25 
2-hour plasma glucose 
(mmoIlL) 66 7.09±0.6 39 7.9±0.B 0.56 
Excluding diabetics 
BMI (kg/m2) 62 22.7 ±0.6 39 22.7 ±O.B 44 22.3±0.7 26 24.0±0.8 41 22.B±0.7 0.56 0.17 
Fasting serum 
triglyceride (mmollL) 61 1.79±0.19 39 1.43±0.10 44 1.55±0.10 28 1.70±0.13 38 1A5±0.14 2.6 4.9* 
Fasting insulin 
(mulL) 44 16.5±2.2 37 15.7±2.0 1.21 
2-hour insulin 
(mulL) 59 46.4±5.9 33 41.7±76 0.60 
Fasting glucose 
(mmol/L) 61 5.1 ±0.1 38 5.2±0.1 0.96 
2-hour glucose 
(mmol/L) 60 5.8±0.2 34 6.2±O.3 0.44 
Notes: 
(a) 	 Excluding missing values and relevant results where fasting slatus was not confirmed. 
(b) 	 Because of the skewed distribution and heterogeneity between variances, the fad thai there is not a difference between the means may be misleading. 
(c) 	 Although the distributions af some variables were skewed, detailed analyses of transformed results, or nonparametric analyses, provided additional evidence 
of s!atistical significance. 
(d) 	 F-between groups 
(e) 	 Ffor linearity 
(I) Using appropriate test of greater sensitivity, significant change was subsequently apparent (see text) 
·P<O.05, tP<O.Ol, ;P<O.OOl, II P<O.OOOS, ,P<O.OOOl 
Tobie 3: Selected haematological and vitamin dota for those participating in surveys (mean ±standard error) c.b., 
Voriable n June 1989 n 1989 n Dec 1989 n Mar 1990 n June 1990 
Haemoglobin (giL) 65 14S.7±1.6 41 145.7±2.2 49 144.9±1.9 17 140.4±2.6 45 147.0± 1.9 0.81 b,l 0.00 
Red blood cell 
folate (uglL) 65 81.6±3.0 42 105.5±6.1 49 135.3 ±6.3 30 117.4±6.7 43 191A±9.6 47.2' 161.9," 
Serum folate (ug/L) 65 2.1 ±O.2 42 1.B±O.l 48 2.B±0.2 43 2.8±0.2 6.811 13.311 
Serum vitamin B6 
(nmollL) 68 41A±2.0 45 53.8±2.8 51 42.8±3.3 45 65.0±4.8 11.8f 22.3f< 
Serum vitamin BI2 
(ng/L) 68 755±22 45 836±45 51 650±35 45 743±24 5.40* 1.36' 
Plasma vitamin C 
(mglL) 67 4.10±O.34 49 9.51 ±2.24 46 10.34±2,49 4.20 b* 7Mf"< 
Plasma retinol 
(mg/100 ml) 59 62.0±2A 42 59.7±2.1 42 68.0±3.1 45 68.2±3,4 1.52 2.39' 
Plasma a-tocopherol 
(mglL) 59 12.3±O.5 42 1l.2±O.6 42 10.6±OA 45 11.6±07 1.85 1.89 
Plosmo B-corotene 
(mg/100 ml) 58 5.7±0.5 42 10.4±1.9 457.6±1.1 3.93" 1.72" 
Notes: 
(a) 	 Excluding mi"ing values and values for women supplied with folateliron supplementation. 
(b) 	 Because of the skewed distribution and heterogeneity between variances, the fad that there is not a difference between the means may be misleading. 
(c) 	 Although the distributions of some variables were skewed, detailed analyse. of transformed results, or nonparametric analyses, provided additional evidence 
of statistical significance. 
(d) 	 F-between group. 
(e) 	 F for linearity 
(I) Using appropriate test of greater sensitivity, significant change was .ubsequently apparent (see text) 
·P<O.OS, tP<O.Ol, ;P<O.OOl, II P<O.0005, ,P<O.OOOl 
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store-turnover method, was related significantly to 
the subsequent changes in the biological concen­
trations for red blood cell folate (FI.14~ 151.3. 
P<O.OOOl) (Figure 5), serum folate (Fl.125 12.9, 
P< 0.0001), serum vitamin B6 (FI.I:>2 = 49.6, 
P < 0.001), plasma [3-carotene (Full = 11.5. 
P < 0.001). plasma ascorbic acid (F1.67 9.57, 
P<0.005) and serum vitamin B12 (Fl.l:12 6.6, 
P < 0.01). In contrast, retinol (F1•67 = 0.78) and 0.­
tocopherol (F1.67 = 0.67) were unaffected by the 
apparent increased intake of those vitamins, as deter­
mined by the store-turnover method. However, after 
controlling for the decrease in total serum choles­
terol concentration, II the change in plasma 0.­
tocopherol was significantly associated with the 
time-related increase in density of dietary 0.­
tocopherol intake (FI •76 = 6.58, P < 0.05). 
The decrease in serum cholesterol concentration 
over the intervention period was significantly corre­
lated with the decrease in the proportion of total 
energy intake derived from saturated fat 
(F1.l 61 = 7.84, P < 0.001) and, independently, by the 
increase in the ratio of polyunsaturated to saturated 
fatty acid intake (F1,l61 = ILl, P < 0.001). After 
controlling for variation between subjects, the small 
decrease in BM! over the intervention period was 
correlated with the decrease in total energy intake 
(FuM = 9.8, P< 0.001) and, independently, by the 
decrease in the proportion of total energy intake 
derived from fat (F1•IM = 10.9, P < 0.001). Decreases 
in diastolic and: systolic blood pressure over the year 
were correlated with the decrease in the proportion 
of total energy intake derived from fat (F1,l60 = 20.7, 
P < 0.001 andF(,16o = 21.6, P < 0.001 respectively). 
Discussion 
This project has demonstrated substantial improve­
ments in dietary quality and in biological indicators 
of nutritional health in serial measurements over a 
12-month intervention in an Aboriginal community. 
Furthermore, changes in apparent community diet­
ary intake, as monitored by store-turnover, were cor­
related with serial trends in biological measurements 
over the intervention period, confirming that the 
store-turnover method is a valid method to measure 
dietary intake of remote Aboriginal communities as a 
whole.7•s This study has demonstrated that improve-
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Figure 5, Density of folate intake and mean red blood .::eli folate con· 
centrotion over the intervention period. 
ments in nutritional health and in some risk factors 
for noncommunicable disease in Aboriginal com­
munities are possible. Although the project was 
undoubtedly effective in the short term, furtherwork 
is in progress to assess individual strategies with 
respect to sustainability, cost-effectiveness, and 
generalisability. 
Origin oj the study and motivation oj the community 
The project was initiated in response to a direct 
request from the Senior Aboriginal Health Worker 
(DY) on behalf of Minjilang adults who wished to be 
screened, initially for risk of coronary heart disease, 
following the premature death of two young men 
from myocardial infarction. The project developed 
entirely from within the community rather than 
being applied from external agencies. Management 
of the project was vested within traditional power 
structures, and the researchers looked directly to 
community elders for direction, thus ensuring that 
'ownership' of the project remained within the 
community. 
Various other factors may have helped motivate 
the community. Importantly, there was a high degree 
of community pride and cohesion at Minjilang. This 
may have had a basis in the fact that the traditional 
land owners held title to Croker Island. Also, the 
community had already dealt successfully with the 
problem of alcohol. Other factors discussed below, 
such as staffing and the regular measurement ofindi­
vidual biological results, may also have affected' 
motivation. 
Specific to health concerns, changes in the 
Minjilang diet prior to June 1989 suggested that the 
community was already aware ofsome major western 
nutrition concepts and the hazards of some intro­
duced foods. Hence, the reduction in sugar intake 
before June 1989 (Figure 3) may have been a sign­
post that the people of Minjilangwere ready to act to 
improve their dietary intake in other areas. It also 
suggested that the community had already developed 
some appropriate strategies to improve their diet. 
Rather than requiring more nutrition education per 
se, Minjilang residents were at the stage where they 
required practical support to act on their knowledge. 
Staffing 
The MirUilang clinic is managed by a Senior Aborigi­
nal Health Worker (DY) and two other Aboriginal 
Health Workers; no non-Aboriginal health staff 
reside permanently in the community. An Aboriginal 
research assistant (AB) was employed by the Menzies 
School ofHealth Research specifically to work on the 
nutrition intervention project. Non-Aboriginal pro­
ject staff had been known and trusted by the com­
munity for several years. Seven different community 
members were also employed for short periods dur­
ing survey work. As a result, local employees learnt 
new skills, acquired increased status and valued being 
paid for these duties; participants were more relaxed 
and willing to be seen in the clinic by kinsfolk rather 
than by non-Aboriginal health professionals; the sur­
vey process also became a genuine community 
activity with opportunities for the exchange of infor­
mation. For example, many subjects wanted to 
observe, and sometimes assist with, the separation 
AUSTRALIAN JOURNAL OF PUBLIC HEALTH 1994 VOl.. 18 NO. 3 
100 
282 
and handling of their own blood samples; this pro­
vided the opportunity to discuss the implications of 
lipaemic samples with subjects and their families. 
Apart from the principal author, the survey in March 
1990 was conducted entirely by Aboriginal Health 
Workers and residents who. had developed confi­
dence in their ability to work together in a clinical set­
ting and manage the project on a day-to-day basis. 
Feedback of results 
The value of prompt return of results to individual 
volunteers cannot be overemphasised. Booklets 
outlining most individual results were distributed to 
subjects within two weeks of each survey and were 
explained and discussed in family group settings. 
Individuals were keen to compare their own results 
with past measurements and there was also a tend­
ency for people to compete against each other within 
family groups. Community results were also promi­
nently displayed in public areas. Regular biological 
surveys are likely to have heightened individual 
motivation of community members during inter­
vention. This effect will be investigated as the project 
continues to be monitored using the store-turnover 
method alone (see below). 
Dietary intervention strategies 
Prior to June 1989, apparent community dietary 
intake at Minjilang was broadly similar to that at 
other Aboriginal communities, although it tended to 
be higher in fat. 8 Store-turnover data were used to 
devise simple nutrition messages such as: eat more 
fruit and vegetables, eat more wholemeal bread and 
wholegrain cereals, eat less refined sugar per se, drink 
less sweetened carbonated beverages, choose lean 
meat (discarding visible fat) and eat sandwiches 
instead of takeaway foods. At all times the cultural 
and nutritional value of traditional foods was sup­
ported. People were encouraged to choose store 
foods, such as fresh fruit and vegetables and lean 
meat, which were most like bush foods. Tribal elders 
also drew on relevant traditional stories highlighting 
overconsumption associated with greed; these stories 
were interpreted by the community as warnings 
about the overconsumption of fat and sugar. 
Changes within the store 
The store provided a natural focus for increasing the 
variety offood available to the Minjilangcommunity. 
In contrast to several past nutrition programsl2 there 
was no attempt to manipulate the food prices, as 
price elasticity in Aboriginal community stores is 
much higher than in a non-Aboriginal setting. 13 
Together with efforts to increase community motiv­
ation for dietary change, it was believed that pro­
vision and promotion ofa wide range ofgood quality, 
nutritious foods was the most appropriate approach. 
Aboriginal store workers ensured that target foods 
were constantly stocked on the shelves beside stan­
dard lines. Therefore, improvements in dietary 
intake occurred as a result ofchoice ofsuitable foods, 
rather than as a result of limited options. 
At one stage of the project, a new store manager 
refused to order a large variety of fresh produce. To 
bypass this difficulty, Minjilang council arranged for 
a regular air charter to transport fresh fruits and veg-
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etables and wholemeal bread from a mining town on 
the mainland. After six weeks, the store manager was 
forced to bow to economic pressure and restock 
these lines at Minjilang. Thus the people of Minjilang 
first realised their consumer powers. 
During the intervention year the profits of the 
Minjilang community store increased, demonstrating 
that the provision ofnutritious food can also be good 
for business. As one development of the project, a 
nutrition policy has been implemented in several 
community stores managed by ALPA.I:1 
Dietary results 
Major dietary changes measured over the inter­
vention year at Minjilang were in line with the simple 
nutrition messages developed to correct the inad­
equacies in the baseline diet; changes included a 
marked increase in the turnover of fresh fruit, veg­
etables and wholemeal bread, a decrease in the turn­
over of takeaway foods and sugar, and an increase in 
nutritionally-preferred varieties of carbonated bev­
erages and cooking oils. These changes were 
reflected in a 33 per cent decrease in the per capita 
intake of saturated fat, a 15 per cent decrease in the 
per capita intake of sugars and marked improvement 
in the density of intake of most vitamins over the 
intelvention period. 
Marked seasonal variation in dietary intake was 
apparent from longitudinal store-turnover data and 
confirmed that seasonal effects should be considered 
in analysis of store-turnover data. Dietary improve­
ments at Minjilang over the intervention period were 
in contrast to the relative stability of apparent food 
and nutrient intake at the control community during 
the same period and at Minjilang over the previous 
four years. 
Biological outcomes 
The lipid profile of the Minjilang community inJune 
1989 was closer to that of non-Aboriginal AustraliaI4 
than other Aboriginal communities.~ In particular, 
the initial serum cholesterol concentrations at 
Minjilang were surprisingly high compared to pre­
vious findings in other remote communities,3 but 
may be explained by the relatively high intake of satu­
rated fat at Minjilang prior to intervention. Ofall risk 
factors for cardiovascular disease, the most dramatic 
improvement at Minjilang was observed in mean 
serum cholesterol concentration, which decreased by 
over 12 per cent throughout the intervention year. 
This reduction followed a decrease in intake of satu­
rated fat and an increase in the ratio of 
polyunsaturated fatty acids to saturated fatty acids, 
which is consistent with other findings. I I Other large­
scale dietary studies with adequate compliance have 
reduced serum cholesterol by 10 to 15 per cent;I5 a 
10 per cent reduction in total cholesterol level 
implies a 15 per cent reduction in ischaemic heart 
disease incidence. 1G Thus, the reduction in choles­
terol at Minjilang would predict an 18 per cent 
reduction in heart disease risk. 
Although the initial fasting serum triglyceride con­
centrations ofnondiabetics at Minjilang were not low 
by Caucasian standards, they were lower than in pre­
vious Aboriginal studies, 3,4 possibly because alcohol is 
formally prohibited from and rarely consumed at 
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Minjilang, and because of the decrease in sugar 
intake in Minjilang before 1989. The mean fasting 
serum tliglyceride at Mirtiilang tended to fall during 
the intervention, although the linear trend was stat­
istically significant only in nondiabetics. 
Mean systolic and diastolic blood pressures at 
Minjilang were lower than in comparable communi­
ties but higher than in nomadic groupS.:l.17 Both 
decreased over the intervention period. III The mean 
BMI at Minjilang inJune 1989 was similar to that of 
other remote, centralised Aboriginal communities, 3.~ 
but much higher than the mean BMI for nomadic 
adultsll! and apparently healthy traditionally orien­
tated people in northeastern Arnhem Land. I!! Other 
observations have given rise to doubts about the 
appropriateness of Caucasian BMI standards for 
Aboriginal groups.~() Certainly at Minjilang 'under­
weight' subjects were no more compromised for vit­
amin status than subjects of 'normal' BMI, and the 
increasing BMI of 'underweight' subjects over the 
intervention period was not necessarily desirable. 
However, after controlling for differences between 
SUbjects, a significant decrease in mean BMI was 
observed throughout the intervention period, par­
ticUlarly amongst older 'obese' women. Such 
reduction in BMI may be the key to control of dia­
betes and other noncommunicable diseases in Abor­
iginal groups,'L21 
The crude adult diabetes prevalence rate of 10.3 
per cent at Minjilang in June 1989 was within 
the range (8 to 24 per cent) for comparable 
communities3 •4 and higher than the rate (3.4 per 
cent) for non-Aboriginal Australians. 22 Although 
older women who lost weight improved in glucose 
tolerance, there was no significant change for other 
subjects, and fasting insulin concentrations did not 
change, indicating that insulin sensitivity had not 
improved within the community as a whole. One pre­
vious study showed that metabolic abnormalities of 
diabetes mellitus can be greatly improved and poten­
tially prevented by reversion to a traditional hunter­
gatherer lifestyle, although such social changes may 
not be desirable, possible or sustainable for most 
contemporary Aboriginal groupS.23 In the longer 
term, the prevention of non~insulin-dependent dia­
betes may need improved strategies; for example, 
intervention at an earlier age, with emphasis on those 
with a family history of diabetes, and on the preven­
tion of weight gain in the young. 
Baseline levels of serum folate at MinjUang were 
similar to those in comparable Aboriginal 
communities,23.24 although levels of red blood cell 
folate were much lower than those reported for a 
small, . well-nourished, traditionally orientated 
outstation group in northeast Arnhem land. III At 
Minjilang over the intervention period, mean red 
blood cell folate concentration increased by 235 per 
cent and mean serum folate increased by 132 per 
cent. Despite the initially poor folate status, most 
haemoglobin concentrations at Minjilang in June 
1989 were acceptable compared with normal 
Caucasian reference standards. However, haemo­
globin concentrations were low compared to 
nomadic Aboriginal groupS25.26 and the observed 
increase in haemoglobin concentration and 
decreases in MeV, HCT and RDW, were strongly 
correlated with serial increases in red blood cell 
folate status, indicating that the poor folate status in 
June 1989 had compromised haematological status 
of the community. 
As in previous studies in Aboriginal communities, 
inJune 1989 many Minjilang adults had low serum 
vitamin Bs, ascorbic acid and ~-carotene levels rela­
tive to reference standards, but there was no evi­
dence of low vitamin A status and most adults had 
consistently high plasma retinol relative to the refer­
ence range. ~-I.27-29 In line with the high intake of diet­
ary fat and high serum cholesterol concentrations 
described, the plasma concentrations of (/.­
tocopherol were higher at Minjilang than in other 
Aboriginal groups. 11.27.28 
During the intervention year, there were marked 
increases in the concentrations of serum vitamin B6, 
plasma ~-carotene and plasma ascorbic acid. How­
ever, plasma concentrations of ascorbic add in June 
1990 were still low relative to the reference range, 
possibly because of the high rates of cigarette smok­
ing and/or infections in Aboriginal communities.2.ll 
The increasing variance of several vitamin concen­
trations over time suggested that there was a differ­
ence between individuals in the magnitude of 
response to the intervention. 
Congruent validity of the store-turnover method against 
biological markers of nutrient intake 
Analysis of variance suggested that prior changes in 
the dietary intake of several vitamins (folate, vitamin 
Bs, ~-carotene and ascorbic acid), as measured by the 
store-turnover method, significantly explained the 
changes in related biological variables over the inter­
vention period, as expected from the relevant 
literature. ll Furthermore, the plasma concentration 
of those fat soluble vitamins which are known to be 
most resistant to dietary Change (retinol and (/.­
tocopherol prior to controlling for change in choles­
terol concentration) remained unaffected by the 
increased intake of those respective vitamins, as 
determined by the store-turnover method. The fact 
that change in store-turnover data correlated signifi­
cantly with serial trends in biochemical data over the 
intervention period supports the notion that the 
store turnover method is a valid method to measure 
the dietary intake of remote Aboriginal communities 
as a whole. 
Thus, the store-turnover method not only helped 
to identify practical strategies for the development of 
the community-based nutrition project, but was also 
shown to be a sensitive indicator of the impact of 
these strategies. This has produced an inexpensive, 
noninvasive tool to provide objective dietary data 
which have wide implications for future health and 
nutrition programs in similarly remote Aboriginal 
communities. 
Continuation of the project 
The overall intervention program was undoubtedly 
effective in the short term, but no attempt was made 
to evaluate independently the mix of intervention 
strategies used in this study. The people ofMinjilang 
have continued to manage the project since June 
1990. To assess overall sustainability, the project is 
still being monitored using the store-turnover 
method alone. Further work is in progress to assess 
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individual strategies with respect to sustainability, 
cost-effectiveness and generalisability. 
Over the 12-month period the direct cost of the 
Minjilang project was about $65 000. In fact, a large 
proportion of the cost of the program was expended 
on its evaluation, particularly in the assessment of 
biological indices. A program that was evaluated 
using the store-turnover method alone would have 
been considerably cheaper, although it is not yet 
clear whether it would have been as effective. Never­
theless, even as carried out, the program costs are 
modest compared with the high costs of clinically­
orientated, high technology health care (including 
aerial ambulance services, clinical medical visits to 
the community, hospital-based services and 
admissions). The continuation of this project will 
enable costs and benefits to be assessed formally in 
the long term. 
Conclusion 
The project has demonstrated that, when community 
members are themselves involved in all stages of the 
development, implementation and evaluation of a 
nutrition-intervention project, improvements in 
nutritional health and in some risk factors for 
noncommunicable disease in Aboriginal communi­
ties are possible. 
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